INTRODUCTION
nsects are important source of nutrients for human being and a wide variety of animals and numerous references to their nutritional value are found across a wide range of scientific disciplines. The UN projected the world population to reach 9.6 billion people in 2050 (United Nations Department of Economic and Social Affairs, Population Division, 2013) which will require increased food and feed outputs. Edible insects are traditionally consumed in many parts of the world (Defoliart, 1992) and are considered as having potential to contribute to the world's food security . It is estimated that at least 2 billion people eat insects on a regular basis , not only because of their nutritive value but also because of their taste (Nonaka, 2009 ). However, in some urban and western societies, insects are rarely eaten or consumption is even perceived as culturally inappropriate (FAO, 2010 and Van Huis, 2013) and disgusting (Nonaka, 2009 ).
Insects are considered food with satisfactorily energy and protein content and high contents of a variety of micro nutrients such as copper, iron, manganese, phosphorus, selenium and zinc (Rumpold and Schlüter, 2013) . Beside those characteristics that can improve the nutrition status directly, insects also have positive effects on the environment. They play an important role in waste biodegradation and as pollinators in plant reproduction. Furthermore, they have a high feed conversion efficiency and their production is less land-dependent than conventional livestock, which makes them resource-saving food and feed, and it is probable that they produce less greenhouse gases and use significantly less water than conventional livestock (Nakagaki and DeFoliart, 1992; FAO, 2010) . Finally, increasing the production and consumption of edible insects is suspected to have an impact on livelihood and social conditions. Gathering and farming of insects can be done with a minimal input of technical or capital resources which gives also the poorest members of society a possibility to acquire income (FAO, 2010 ).
This study is aimed at investigating the nutritional composition of palm weevil larva, locusts and termites with the aim of comparing the nutritional composition and mineral profile among the insects.
MATERIALS AND METHODS

Sample Collection
The locusts were collected from grassland field of Maiduguri in Borno State, Nigeria using insect net. Larva of Raffia Palm Weevil was handpicked from Raffia palm in Ihiala, Anambra State of Nigeria and the winged termites were bought from Ogboefere market, Ogbaru in Anambra State of Nigeria. The number of insects collected per individual insect was fifty (50) raffia palm larva and locust and a cup of the winged termites.
Sample Preparation
The samples were oven-dried at 60-70°C for 72 hrs. Then the dried specimens were mechanically ground into powder and sieved through a 60-mesh screen while samples for mineral analysis were ground using mortar and pestle.
Sample Analysis
Crude fat, crude fibre, ash sand moisture contents were analysed by the Association of the Official Analytical Chemists (AOAC, 2006) methods. Nitrogen content was estimated by the AOAC Kjeldahl method. Crude protein was subsequently calculated by multiplying the nitrogen content by a factor of 6.25. Carbohydrate was calculated by the difference method (summing the value of moisture, ash, crude fat, fiber and crude protein and subtracting the sum from 100). The caloric value was calculated by multiplying the mean values of crude protein, crude fat and total carbohydrate by the At wat factor of 4, 9 and 4 respectively, summing the products and expressing the result in kilocalories per 100 g sample as reported by Onyeike and Omumbo-Dede, (2002) .
The mineral composition of the insects were determined by mixed acid digestion as reported by Ifemeje (2015) . The digested samples were analysed for mineral levels using Varian AA240 Atomic Absorption Spectrophotometer according to the method of American Public Health Association (APHA, 1995) . The instrument was calibrated by standard solutions treated in the same way as samples. Aldrich provided the analytical standard used. By comparing the peak of the absorbance of standard with that of the test sample, the concentrations of the elements in the test samples were determined.
Method of Data Analysis
Data were presented as mean±SD of three replicate determinations. Data were analyzed statistically by one way analysis of variance (ANOVA) and means' were compared by the Duncan's multiple range test; significance was accepted at P≤0.05.
RESULTS AND DISCUSSION
In Africa, entomophagy is traditionally and culturally acceptable way by which low income persons supplement the meager protein content of their high carbohydrate diets (Ekop et al. 2009 ). The larva of the palm weevil, locust and termites are insects that are highly relished food item in Nigeria, especially among the rural populace but it's also currently available in most urban markets of the country. In this study, the proximate composition of these insects were determined.
The result of this study showed that these insects have an appreciable amount of carbohydrate. However, the carbohydrate content was low in comparison with those reported for M. bellicosus (43.3%) and M. notalensis (42.8%) (Banjo, et al., 2006) . The crude protein content of these insects fall within the protein range of 15-60% previously reported for various forms of edible insects (Ramos-Elorduy, 1997). This showed that the insects could be used to meet the protein demand of many developing countries.
When the proximate composition of these insects were compared as shown in Table 1 , The result showed that there was no significant difference (p < 0.05) in the moisture content of locust and termite but the moisture content of palm maggot is significantly higher (p < 0.05) when compared to termite and locust. The crude fat content, the crude fiber content and the calorific value of the palm maggot is significantly higher (P < 0.05) than those of the locust and termite. Table 1 also indicated that the protein and ash content of locust is significantly higher (p < 0.05) than that of the palm maggot and termites. Larva of Palm weevil has the least amount of crude protein. This could be as a result of high proportion of fat. Fat content is known to be inversely related to crude protein (Cullison and Lowrey, 1987) . The result showed high lipid content (crude fat) in larva of palm weevil and termite when compared to locust. The implication of lipid content on comparative feeding is that locust will attract more value by virtue of its lower fat content. This result agrees with Taylor (1975) and Defoliart (1991) that some insects species have high fat content compared to others. The termite and larva of palm weevil with high lipid content will be rich in dietary fats. Dietary fat increases the palatability of food by absorbing and retaining flavour. Hence, the high lipid content observed in larva of palm weevil and termites could have contributed to the reduced need of oil in the preparation of these delicacies. The gross energy value given by these insects depends on the amount of protein, fat, and carbohydrate contents of the insects. All the studied species had high gross energy values, a finding similar to the high caloric content value reported from 78 other species of edible insects (Ramos-Elorduy, 2009). Given the observed high lipids, protein and carbohydrate contents of these insects, it could be inferred that the delicacies if adequately promoted, can help in controlling protein energy malnutrition, an imbalance between the supply of protein and energy, and the body's demand for them to ensure optimal growth and function, which is currently ravaging children in developing countries (Okwu et al., 2010) .
Consequently, the relatively low percentage moisture content obtained from the insects studied indicated that these insects can be stored for a reasonable period of time without the risk of microbial deterioration and spoilage if properly dehydrated. The higher content of crude fibre in palm maggot and termites could be explained on account of their feeding behaviour (preferring woody plants to grasses). Components of crude fibre are mainly structural carbohydrates which are celluloses and hemi celluloses. Also, high crude fibre content in the insects could be due to the chitin normally found in insects (Akinnawo and Ketiku, 2000) . The fibre found in these insects can be used to meet the recommended dietary allowance (RDA) of fibre which is 14g per 1000 calories consumed (DRI, 2003) . Adequate intake of fibre rich food promotes healthy cholesterol and blood glucose levels. In the presence of an adequate amount of fluid, fibre makes stools larger, softer and easier to pass. The significantly higher level of ash in the termite and locust compared to larva of palm weevil could be explained on account of the fact that the termites feed principally on humus, grass and fungi; locust feeds on grasses too while the larva of palm weevil feed principally on tender foliage.
The result of mineral composition of the three insects studied when compared in Table 2 showed that Na, Ca, Mg and Zn levels in larva of palm weevil were significantly higher (P<0.05) than the values in locust and termite while K, Mn and Cu levels in termite were significantly higher (P<0.05) than the values in locust and larva of palm weevil. Locust were significantly high (P<0.05) in Fe level when compared to larva of palm weevil and termites.
The mineral composition of the samples shows that the concentration of the mineral varies among the different samples, while there was high concentration of sodium in larva of palm weevil, the concentration of manganese was the lowest. This observation corroborates Okaraonye and Ikewuchi, (2008) who reported that the mineral analysis in larva of palm weevil revealed a very high sodium (20.29mg/100g) content with moderate levels of copper and manganese (2.61mg/100g and 2.31mg/100g) respectively. The termites was found to have high concentrations of calcium, sodium, magnesium and potassium, this corroborates who stated that the termite has a fair content (7.60 ± 0.33%), with the major macro minerals being potassium and sodium, while the micro minerals were iron, zinc, manganese and copper. Minerals are known to play important metabolic and physiological roles in the living system. Iron, zinc, copper and manganese strengthen the immune system as antioxidant enzyme cofactors (Talwar et al., 1989) . However, the iron in locust and termite cannot meet the RDA of 45mg (DRI, 2003) and so iron needs to be supplemented in this diet because low iron intake has been associated with anaemia. Similarly, magnesium and zinc prevent cardiomyopathy, muscle degeneration, growth retardation, impaired spermatogenesis, immunological dysfunction and bleeding disorder (Chaturvedi et al., 2004) and they are readily available in these insects. There was high concentration of magnesium in the three insects while iron was not found in the raffia palm maggot ( Table 2 ). The copper content of the three insects can supply the recommended minimum daily allowance, which is 0.9-1.91mg (McGilvery and Goldstein, 1983) .
CONCLUSION
The results of this work showed that larvae of palm weevil, locust and winged termites are rich sources of protein, carbohydrates, and minerals and so may be recommended for consumption for economically weaker sections of populations throughout the developing country, most especially in Africa and Asia, to alleviate the problem of protein energy malnutrition. 
